Objective. The purposes of this study were (1) to review the sonographic in vitro and in vivo appearances of mesh for surgical repair of abdominal wall hernias, (2) to describe sonographic techniques and discuss the limitations of sonography in evaluation of mesh hernia repair, and (3) to illustrate common complications after mesh repair shown with sonography. Methods. We identified interesting cases from the musculoskeletal sonographic database as well as from the teaching files of the authors, with surgical or other cross-sectional imaging corroboration. Results. A compilation of the sonographic appearances of mesh used for anterior abdominal wall and inguinal hernia repair and complications diagnosable by sonography is presented. Conclusions. Sonography can be effective for evaluation of mesh and complications after mesh repair of anterior abdominal wall and inguinal hernias.
epair of abdominal wall hernias with synthetic patches was first described in 1962. 1 Since that time, these materials have been used widely, and the various procedures using mesh in abdominal wall repair have become commonplace. Several reports have shown that compared with simple sutures, mesh is superior, with significantly reduced recurrence rates. 2 Materials from which mesh is manufactured are usually derived from polypropylene or polytetrafluoroethylene 3 and typically function by providing a bridge across deficient tissue. The mesh is incorporated into the adjacent tissues and should restore the structure and function of the abdominal wall. Implanted mesh is a foreign body and therefore causes an inflammatory reaction. Potential complications may relate to the mesh as a foreign body or may relate to the surgical repair of abdominal wall hernias. We present the sonographic in vitro and in vivo appearances of mesh and sonographic techniques for identifying mesh in the anterior abdominal wall. We also describe complications of mesh implants and discuss potential limitations of sonography.
In Vitro Appearances
Sonography is a useful imaging tool that can effectively evaluate the anterior abdominal wall, identifying mesh and many of the complications associated with its surgical placement. 4 Mesh may be placed in a variety of locations in relation to the structures of the anterior abdominal wall and inguinal region (Figure 1 ), all of which may be evaluated by sonography.
For inguinal hernia repair, a typical sample of mesh is shown in Figure 2 . The mesh is cut to a shape that will facilitate placement in the inguinal region. For open repairs, the mesh is placed superficial to the transversalis fascia and deep in the inguinal canal. During laparoscopic hernia repair, the mesh is usually placed in a preperitoneal location (between the transversalis fascia and peritoneum) at the posterior aspect of the abdominal wall; the mesh may be held in place with metallic tacks (Figure 3 ), which are inserted through the mesh into the overlying abdominal wall, are radiopaque (Figure 4) , and may sometimes be seen on sonography ( Figure  5 ). Tissue glue may also be used for this purpose. 5 For anterior abdominal wall hernia repair, larger pieces of mesh may be used. The example shown in Figure 6 is a composite mesh derived from polypropylene and extruded polytetrafluoroethylene. This type of mesh may be implanted in patients who, for example, have large anterior abdominal wall incisional hernias ( Figure 7A ). The small field of view of the ultrasound probe makes assessing the margins of a large implant of this type challenging ( Figure 7B ). We do not use the extended field of view because this would require the patients to hold their breath, and the diagnosis is more likely found by realtime examination rather than by evaluating a static image.
A mesh plug may be used for repair of indirect inguinal hernias (Figures 8-10 ) to mechanically decrease the size of the deep ring by filling it, and it may be held in place with sutures or by an overlying piece of mesh. 6 In vivo it is more tightly packed than in vitro because the multiple folds are more closely approximated.
Laparoscopic Placement of Mesh
Laparoscopic placement of mesh for ventral or inguinal hernia repair is a form of minimally invasive surgery in which the surgery may be accomplished without a large surgical incision. Figure 1 . A, Anterior abdominal wall in cross section above the arcuate line. The mesh (black lines) may be anterior to the fascia (Fa) at the rectus abdominis muscle (R, Onlay), at the level of the rectus abdominis muscle (Inlay), between the rectus abdominis muscle and fascia and the transversalis fascia (retro-rectus underlay), or intraperitoneal deep to the transversalis fascia (Intraperitoneal underlay). Sonographically, it is difficult to differentiate the retro-rectus underlay from the intraperitoneal underlay locations. F indicates flank muscles: external oblique, internal oblique, and transversus abdominis. B, Inguinal region in the parasagittal plane at the pubis. The mesh is often placed between the transversalis fascia (TF) posteriorly and the anterior structures, including the transversus abdominis muscle (T) superiorly, the spermatic cord (C) and inguinal ligament (IL), and the pubic bone (Pub) inferiorly. The other structures shown in this plane include the internal oblique muscle (I), external oblique aponeurosis (EOA), which folds to form the inguinal ligament, and the pectineus muscle (P).
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To place an intraperitoneal underlay graft for ventral hernia repair ( Figure 1A) , the laparoscope is introduced into the peritoneal cavity, and carbon dioxide (a commonly used distension medium) is introduced to distend the abdomen and allow the bowel to fall away from the anterior parietal peritoneum. The mesh is introduced into the peritoneal cavity and under direct vision is fixed to the anterior abdominal wall. To place mesh in the preperitoneal space for inguinal hernia repair ( Figure 1B ), a trocar is introduced into this space (between the transversalis fascia and transversus abdominis muscle), and a large balloon is used to bluntly dissect away the transversalis fascia from the more superficial tissues. The balloon is deflated and carbon dioxide is introduced, forming a space in which the surgeon can work to fix the mesh to cover the abdominal wall defect, the entire procedure remaining extraperitoneal. 7 Laparoscopic surgery is not without its complications, which range from local morbidity such as wound infections and hernias through a laparoscopic port site to bleeding, gas embolization, lacerations of intra-abdominal viscera, and in a small percentage of patients, death.
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Technique and Normal Sonographic Appearances and 12). Mesh may be differentiated from bowel by its broad superficial location and the absence of peristalsis. The mesh is not often flat but may be wavy ( Figure 13 ) or "crinkly" (Figure 14 ). This irregular appearance due to "mesh shrinkage" is a function of the healing process, with scarring and incorporation of the mesh implant into the adjacent tissues. 10 By increasing the field of view (depth), the posterior acoustic shadowing may be better appreciated, increasing confidence for identification of mesh ( Figure 15 ). Implanted mesh for inguinal hernia repair may remain difficult to identify, and clinical information indicating the presence of mesh is important.
The Valsalva maneuver ( Figure 10 ) is used liberally while all margins of the mesh implant are carefully evaluated with sonography. This is a critical component of the examination because a reducible hernia may only be appreciated with an increase in intra-abdominal pressure. The movement of the hernia produced by the Valsalva maneuver also facilitates diagnosis, particularly with small fat-containing hernias, which otherwise may be difficult to differentiate from the adjacent normal adipose tissue. As in the evaluation of any hernia, sonographic examination in the supine position as well as in the erect position may be necessary. [11] [12] [13] Care must be taken not to apply too much compression when scanning because this may prevent 
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herniation from occurring around the mesh margin, resulting in a false-negative diagnosis for a recurrent hernia. Color Doppler imaging shows vascularity and should be used to assist in differentiating a hypoechoic fluid collection from a mass adjacent to a mesh implant.
Complications
Sonography has been found to be useful in evaluating postoperative complications in patients who have had abdominal wall and inguinal hernias repaired with mesh. 14 Crespi et al 4 found that sonography was better at identifying mesh than computed tomography (CT) in patients who had inguinal hernioplasty with polypropylene mesh, although Parra et al 15 thought that CT performed better than sonography in identifying mesh placed for hernia repair. When sonographic findings are negative in a symptomatic patient, our surgeons would request CT.
Recurrent hernias 15 usually occur at the margin of the implant ( Figure 16A ) and may be reducible or irreducible. An irreducible hernia is one where its contents cannot be returned to the peritoneal cavity in the absence of other complications. An obstructed hernia is one where viable bowel within the hernia becomes mechanically obstructed, preventing enteric flow. A strangulated hernia is one where bowel within a hernia undergoes vascular impairment and may become necrotic and perforate. Doppler evaluation may detect blood flow in the bowel loop ( Figure 16B ), suggesting viability, but minimal flow may be present in ischemic bowel. 16 
Hematomas
14 of the abdominal wall may be seen in the postoperative period, usually resolve uneventfully, and show variable sonographic appearances depending on their age. 17, 18 They may appear in the subcutaneous, intramuscular, and preperitoneal planes. Most hematomas are hypoechoic or of mixed echogenicity, although echogenicity varies. The margin of the mesh may appear as a palpable mass (Figure 20 ) and may cause concern for a new mass or a recurrent hernia. The margin of the mesh may fold back on itself ( Figure 21 ) and cause focal irritation. Structures passing over the margin of the mesh may become kinked ( Figure 22 ) and irritated. This usually occurs after inguinal hernia repair in which the spermatic cord and its contents and adjacent nerves may deviate from their course passing over the margin of the mesh. The mesh plugs may be displaced by a recurrent hernia alongside the plug ( Figure  10 ). If a migrated mesh plug enters the peritoneal cavity, it may potentially perforate the bowel as a further complication. Other complications include migration of mesh and the mesh plug, [21] [22] [23] intestinal obstruction, perforation and fistula formation, [24] [25] [26] strangulated hernias, and a burst abdomen. 
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Sonography may identify an indication for surgery, such as a tight neck around a loop of bowel, a loop of bowel where there is suspicion of strangulation, or a fluid collection that is infected. Pain, nausea, and limited abdominal wall function associated with a hernia defect lower the surgeon's threshold for surgery.
Limitations
With sonography, the acoustic shadowing deep to the mesh makes evaluation of structures deep to the mesh difficult if not impossible to evaluate. The distorted anatomy after hernia repair may be confusing, particularly with large midline implants. In these cases, the smaller 
Conclusions
Sonography can be a useful tool for evaluating hernias repaired with mesh implants, including potential complications that may occur. Precise anatomic delineation of a mesh implant and a recurrent hernia is important for surgeons considering revision operations. 
